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Extract morphological information of galaxies

Similar morphologies imply comparable evolutionary paths

Hubble sequence

Concentration(C), Sersic index, ...

Ellipticity, Asymmetry(A), boxy/disky-shaped, ...

Clumpiness(S), ...

Computer vision: feature detection




Convolutional Neural Network(CNN)

* CNN: y=CNN(x)

* dimension reduction

» preserve spatial relationships
* Component

* Convolution layer

* Pooling layer

 Fully connected layer

* (Backpropagation)

LeNet AlexNet

| Image: 28 (height) x 28 (width) x 1 (channel) | |Image: 224 (height) x 224 (width) x 3 (channels) |

| Convolution with 5x5 kernel+2padding:28x28x6 | | Convolution with 11x11kernel+4 stride:54x54x96 |

\ sigmoid VRelu
| Pool with 22 average kernel+2 stride: 14x14x6 | | Pool with 3x3 max. kernel+2 stride: 26x26x96 |
v V
| Convolution with 5x5 kernel (no pad):10x10x16 | | Convolution with 5x5 kernel+2 pad:26x26x256 |
\, sigmoid J RelLu
| Pool with 2x2 average kernel+2 stride: 5x5x16 | | Pool with 3x3 max.kernel+2stride: 12x12x256 |
\ flatten v
] Dense: 120 fully connected neurons | | Convolution with 3x3 kernel+1 pad:12x12x384 |
| sigmoid v Relu
] Dense: 84 fully connected neurons | | Convolution with 3x3 kernel+1 pad:12x12x384 ]
| sigmoid v RelLu
] Dense: 10 fully connected neurons | | Convolution with 3x3 kernel+1 pad: 12x12x256 |
\f J RelLu
Output: 1 of 10 classes | Pool with 3x3 max. kernel+2stride: 5x5x256 |
J flatten

| Dense: 4096 fully connected neurons |
J Rel.u, dropout p=0.5

| Dense: 4096 fully connected neurons |
V ReLu, dropout p=0.5

| Dense: 1000 fully connected neurons |

v

Output: 1 of 1000 classes




Convolution layer: extracts features

e 3*3 kernel, 0 padding, 1 stride

Conv2D Conv2D Conv2D Conv2D

e Extracts features
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Convolution layer: extracts features

e 3*3 kernel, 0 padding, 1 stride

* Extracts features

Activation Functlons

Sigmoid
o(z) =

tanh
tanh(x)

RelLU
max(0, x)

TFe—=

e

Conv2D Conv2D Conv2D Conv2D

Leaky RelLU Dense Dense
max(0.1z, )

Maxout
max(w! z + by, wlz + by)

ELU I
T >0
a(em = 1) r < 0 - " 10

MaxPool2D MaxPool2D




Pooling layer

Single depth slice

111124
* Reduces the size of the feature maps X max pool with 2x2 filters
oG 7 | 8 and stride 2
* Emphasize important features -
3 | 2 Em
1 | 2 S

i




Fully connected layer

FLATTEN LAYER FULLY CONNECTED LAYER SOFTMAX LAYER

CLASSIFICATION



LeNet

fc_3 fc_4
Fully-Connected Fully-Connected

Neural Network Neural Network
Conv_1 Conv_2 RelU activation
Convolution Convolution 1 /—M
=
(5 X 5) kernel Max-Pooling (5x5) kernel Max-Pooling (with
valid padding (2x2) valid padding (2x2)
A /_M A A
# ~N r N N 0
1
------------- . 2

INPUT nl channels

n1l channels n2 channels n2 channels '. ' 9
(28 x 28 x 1) (24 x 24 x n1) (12 x 12 x n1) (8 x8xn2) (4x4xn2) | "

Oj OUTPUT

n3 units



*Astronomical Image

* R=r*ArcSinh(I/C)/I1
* G=g*ArcSinh(I/C)/],
e B=b*ArcSinh(I/C)/I,

* wherel = (r+g+b)/3, Cis a constant
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Explainable Al: Class Activation Mapping
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Explainable Al: Grad-CAM

 feature maps: contains spatial feature e | i
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Al4Al: S-spin and Z-spin

non-spirals ‘
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Figure 5. Examples of HSC images of misclassification in each class. From left to right in the bottom of each images, we show the
predicted probabilities of non-spiral, S-spiral and Z-spiral.



Al4Al: Morphology to parameters

* Optical RGB image —-M*, SFR, D4000, metallicity, HI Mass, AGN(75%), spectra ... Statistically
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Al4Al: explainable Al for SFH

Manga-id: 1-286110 Manga-id: 1-60302 Manga-id: 1-92554 Manga-id Manga-id: 1-283039 Manga-id: 1-272298

Train frain Train Train Train




Conclusion

* CNN can help us extract the features of galaxies

* Degrees of freedom of morphology

* Can explainable Al provide new scientific discoveries?



